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Field of the Invention 

The present invention relates generally to semiconductor circuit 
devices and, more particularly, to a voltage boosting circuit incorporated in a 
semiconductor circuit device. 
Description of the Related Art 

In recent years, there have been provided dynamic random access 
memories (DRAMs) which have a voltage boosting circuit in a chip and in 
which memory cells are driven through word lines or other wiring by using a 
voltage boosted by the voltage boosting circuit. There has been a challenge 
to reduce current noise in this kind of voltage boosting circuit. Conventional 
voltage boosting circuits designed to reduce current noise and to obtain a 
sufficiently high boosted voltage include an oscillator circuit which generates 
a plurality of oscillating signals having different timing from each other and a 
plurality of pumping circuits each having a capacitor of a small capacitance 
and transistors of a small size in corresponding to the respective oscillating 
signals. 

Fig. 1 is a circuit diagram showing a conventional voltage boosting 
circuit. Referring to Fig. 1 , boosting circuit 100 has oscillator circuit 120, 
oscillator output signal latch circuit 130, pumping circuit 140, and boosted 
voltage level determination circuit 150. Each of these circuits has the 
ground level as a reference potential and operates by an external power 
supply voltage VCC. 



Oscillator output signal latch circuit 130 includes <|>i latch circuit 131, 
4>2 latch circuit 1 32, ... , and <j>n latch circuit 1 3n. Pumping circuit 1 40 
includes <J>1 pumping circuit 141, $2 pumping circuit 142, .... and <j>n pumping 
circuit 14n. 

5 Signals <J>1 - <J>n sent from oscillator circuit 1 20 are respectively given to 

4>1 - <j>n latch circuits 131 - 13n. Signals <J»1A - (J>nA respectively sent from <|>1 
- <|>n latch circuits 131 - 13n are respectively given to $1 - <j>n pumping circuits 
141 - I4n. The outputs of $1 - 4>n pumping circuits 141 - 14n are connected 
to a common point, at which a boosted voltage VPP is generated. A signal 

10 VPUP sent from boosted level determination circuit 1 50 is given to oscillator 
circuit 120 and to the <t>1 - <j>n latch circuits 131 - 13n. 

A desired voltage to be obtained by boosting is set in boosting circuit 
100. Boosted level determination circuit 150 compares the boosted voltage 
VPP provided from the boosting circuit 100 with a set voltage, sets the signal 

15 VPUP to ■H" when the boosted voltage VPP is lower than the set voltage, 

and sets the signal VPUP to U L" when the boosted voltage VPP is higher than 
the set voltage. 

Oscillator circuit 1 20 sends a plurality of oscillating signals one after 
another at equally shifted times when the signal VPUP is at "H°. For 
20 example, oscillator circuit 120 has inverters forming n stages (n: an odd 
number) connected in a chain configuration. Oscillator circuit 1 20 sends no 
oscillating signal when the signal VPUP is at "L". 

Fig. 2 is a circuit diagram showing an example of a basic configuration 
of the oscillator circuit. Referring to Fig. 2, Oscillator circuit 1 20 has a basic 
25 configuration in which odd number of inverters being connected in a ring-like 
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chain. The inverters send signals «(>1 - <J»n. In Fig. 2, a circuit portion 
relating to signal VPUP is not shown. 

Fig. 3 is a timing chart showing the waveforms of signals <|>1 - 4>n. 
Referring to Fig. 3, signals <|>1 - <|>n are oscillating signals which have 
5 transition timings successively shifted and phases alternately reversed. The 
cycle of each of signals <j>1 - <j>n is T. The time between edges of the 
adjacent signals, e.g., between the rising edge of the signal <J>1 and the falling 
edge of signal $2 is dT = T/(2xn), which is the waveform transmission time by 
the inverters. 

10 Each of 4>1 - <>n latch circuits 131 - 13n constituting oscillator output 

signal latch circuit 1 30 uses signal VPUP as an enable signal. <J>1 - 4>n latch 
circuits 131 - 1 3n send signals <j»1 - <|>n respectively as signals <J>1 A - <t>nA 
when signal VPUP is at "H". At this time, signals <j>1 A - <J>nA are respectively 
in phase with signals <|>1 - <J»n. $1 - <j>n latch circuits 131 - 1 3n hold the states 

15 of signals 4>1 A - 4>nA when signal VPUP is at "L". 

<|>1 - <|>n pumping circuits 141 - 14n constituting the pumping circuit 140 
are respectively supplied with signals <|>1A- <j»nA and perform boosting 
operations in synchronization with signals $1 A - <j>nA. The output terminals 
of the <|>1 - <|»n pumping circuits 141 - 14n are connected to the common point, 

20 i.e., the output terminal of pumping circuit 140, through which boosted 
voltage VPP is output. 

Fig. 4 is a circuit diagram showing an example of the configuration of 
4>1 - <J>n pumping circuits. All of $1 - <|>n pumping circuits are identical in 
configuration. In Fig. 4, <(>1 pumping circuit is shown as a representative. 

25 Referring to Fig. 4, <|>1 pumping circuit is constituted by inverters INV0 and 
INV1 , capacitor CO, and diodes OI0 and DM . 
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Signal <|>1A is given to inverter INVO. Inverters INVO and INV1 are 
connected in series. The output terminal of inverter INV1 and one terminal 
of capacitor CO are connected to each other at a connection point A. The 
other terminal of the capacitor CO, the cathode of diode DIO and the anode of 
5 diode Dll are connected to each other at a connection point B. External 
power supply voltage VCC is supplied to the anode of diode DIO. The 
cathodes of diodes DM of <|>1 - <|>n pumping circuits 141 - 14n are connected 
to the common point through which boosted voltage VPP is output. 

Fig. 5 is a timing chart showing the boosting operation of <J>1 pumping 

10 circuit shown in Fig. 4. Referring to Fig. 5, signal <|>1 A is an oscillating signal 
having external power supply voltage VCC and reference voltage GND 
alternately sent. The signal waveform at the connection point A is slightly 
delayed from signal <t>1 A. 

When the potential at the connection point A is reference voltage GND 

15 level, the connection point B is precharged to external power supply voltage 
VCC through diode DIO. When a transition from reference voltage GND to 
external power supply voltage VCC is effected at the connection point A, the 
potential at the connection point B is increased by an amount corresponding 
to external power supply voltage VCC due to the coupling through capacitor 

20 CO. Accordingly, a transition of the potential at the connection point B is 
made from external power supply voltage VCC to a voltage (2xVCC) twice 
external power supply voltage VCC. Thus, 4>1 pumping circuit 141 can 
generate boosted voltage VPP higher than external power supply voltage 
VCC. The circuit for control of diodes DIO and DM shown in Fig. 4 is not 

25 illustrated. 
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In general, the inverter is made by combining a Pch transistor (not 
shown) and an Nch transistor (not shown). Capacitor CO is charged by 
supply of a current caused by external power supply voltage VCC to flow 
through the Pch transistor of inverter INV1 . Capacitor CO is discharged by 
5 the flow of a current from the connection point A to reference voltage GND 
through the Nch transistor of inverter INV1 . 

Similarly, the connection point B is precharged to external power 
supply voltage VCC by supply of a current caused by external power supply 
voltage VCC to flow to the connection point B through diode DIO. 

10 The gate capacity of inverter INV1 is charged and discharged by a 

charge current caused by external power supply voltage VCC to flow from 
inverter INVO to inverter INV1 and a discharge current caused to flow from 
inverter INV1 to reference voltage GND. 

In the voltage boosting circuit, noise is caused due to the charge 

15 current from external power supply voltage VCC and the discharge current to 
reference voltage GND. 

An electric charge which can be sent from the 4>1 pumping circuit for 
boosting is determined by the capacitance of capacitor CO. It is necessary 
that the sizes of the transistors constituting inverters INV1 and INVO and 

20 diodes DIO and DM , which drives e capacitor C0 t are determined such that 
capacitor CO can be efficiently charged and discharged. To obtain suitable 
boosted signal VPP, the pumping power could be increased, and a large 
pumping capacitor and large transistors for a circuit such as inverter for 
driving the capacitor could be used. In such a case, however, 

25 charge/discharge current noise of capacitor CO would be increased. 
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To obtain a sufficiently high boosting effect while limiting current noise, 
the voltage boosting circuit shown in Fig. 1 is arranged in such a manner that 
oscillator circuit 120 has a plurality of outputs and a plurality of <|>1 - cj>n 
pumping circuits 141 - 14n each having a capacitor of a small capacitance 
5 and transistors of a small size are provided. 

Description will be made of the operation of the conventional voltage 
boosting circuit. 

Fig. 6 is a timing chart for explaining the operation of the conventional 
voltage boosting circuit. Fig. 6 shows the waveforms of signal VPUP, 
10 signals 4>1 - cj>n sent from oscillator circuit 120 and signals <j>1A - <J>nA sent 
from latch circuits 131 - 13n. 

Referring to Fig. 6, signals <J>1 - 4>n and <}>1 A - <J>nA are maintained at a 
constant value and do not make no transition at time TO since signal VPUP is 
at "L". 

15 Signal VPUP makes a transition from "L" to "H" in the time period from 

time TO to time Ts to start an initialization operation of the voltage boosting 
circuit. 

When the initialization operation of the voltage boosting circuit is 
started, oscillator circuit 120 sends n oscillating signals, at times successively 
20 shifted by the time period corresponding to cycle T. The length of each of 
time periods Ta and Tb in Fig. 6 is equal to cycle T. 

Signals <|>1 - <j>n are supplied respectively as signals (J>1 A - <j>nA to 
pumping circuit 140 by latch circuits 131 - 13n in oscillator output signal latch 
circuit 130. <J>1 - <t>n pumping circuits 141 - 14n constituting the pumping 
25 circuit 140 perform the boosting operations in response to the transitions of 
signals <|>1A - $nA. The outputs from the <J>1 - <f>n pumping circuits 141 - 14n 
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ar combined to supply boosted voltage VPP to the outside. Signals (|>1 A - 
<j>nA each make transitions from reference potential GND to external power 
supply voltage VCC at different times, so that no coincidence of current noise 
peaks occurs. 

5 Fig. 7 is a timing chart showing the operation of the conventional 

voltage boosting circuit and the waveform of the output signal. Fig. 7 
illustrates a case where n = 5 and where pumping circuits each 
configured with two of the circuit that shown in Fig. 4 so that the boosting 
circuit operates not only at the time of transition from reference voltage GND 

10 to external power supply voltage VCC but also at the time of transition from 
external power supply voltage VCC to reference voltage GND. 

In the lower section of Fig. 7, the waveforms of signal VPUP and 
signals <(»1A - <J>5A are shown. In the upper section of Fig. 7, currents I (solid 
line) sent from $1 - <j>n pumping circuits 141 - 14n and a current Itotal (dotted 

15 line) obtained by combining currents I are shown. 

Referring to Fig. 7, signal VPUP makes a transition from "L" to "H" in 
the time period from time TO to time T1 to start the boosting operation. At 
time T1 , signal <J>1 A makes a transition from GND to VCC. Subsequently, 
signals <|>2A - <|>5A make transitions one after another at intervals of time T2 - 

20 T1 = dT = (one cycle T)/(2x5). Thereafter, signals <j>1A - <|>5A make 

transitions alternately to GND and VCC at times shifted by dT. As can be 
understood from Fig. 7, the transition waveforms of the odd-numbered 
signals <|>1 A, <J>3A, and <J>5A are in reversed phase with respect to those of the 
even-numbered signals 4>2A and 4>4A. 

25 In response to the transitions of signals <|>1A - <t>nA, transitions of 

currents I (solid line) output from <j>1 - <j>n pumping circuits 141 - 14n ar made. 
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Current Itotal (dotted line) obtained by combining the outputs from the 4>1 - 4>n 
pumping circuits 141 - 14n rises during the time period from T1 to T4 and is 
generally constant after time T5. Current Itotal after time T5 is a saturated 
consumption current 10. The consumption current at the time of starting of 
5 the pumping circuit when signal VPUP makes a transition from 11 L" to "H" has 
a current changing rate dl/dT in the time period from T1 to T4, which is 
considered to be a noise source. This is because, if the current changing 
rate dl/dT is large, noise due to the inductance of wiring including the lead 
frame of the semiconductor device is large. 

10 Another conventional voltage boosting circuit, e.g., one described in 

Japanese Patent Laid-Open No. 11-25673 has a delay circuit which 
generates signals corresponding to signals 4>1A - <J>nA shown in Fig. 1. 

A further conventional voltage boosting circuit has two operating 
modes: a standby mode and an active mode (e.g., Japanese Patent Laid- 

15 Open No. 9-320268). In this kind of voltage boosting circuit, one of the two 
operating modes is selected according to the amount of electric charge to be 
supplied. 

The voltage boosting circuit described in Japanese Patent Laid-Open 
No. 9-320268 has a plurality of pumping circuits. In the standby mode, only 
20 part of the pumping circuits are successively operated. In the active mode, 
all the pumping circuits are continuously operated. 

The above-described conventional arts have problems described 

below. 

The conventional voltage boosting circuit shown in Fig. 1 is arranged 
25 to reduce current noise in such a manner that oscillator circuit 120 has a 

plurality of outputs and pumping circuit 140 is constituted by 4>1 - <|>n pumping 
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circuits 1 41 - 14n having a capacitor of a small capacitanc and transistors of 
a small size. After a lapse of a certain length of time from a start of the 
operation, therefore, the current value becomes generally constant and the 
current changing rate dl/dT becomes zero, as shown in Fig. 7. Thus, noise 
5 due to the current changing rate dl/dT becomes zero. 

However, when the pumping operation Is started, the rate of change in 
current (dl/dT) of the conventional boosting circuit is high, as shown in Fig. 7. 
An abrupt current change (dl/dT) of external power supply voltage VCC or 
reference voltage GND can cause noise by a self-inductance or a mutual 

10 inductance. 

In semiconductor circuit devices such as DRAMs, a lead frame and 
bonding wires for connection between pins and a chip exist. Also, wires for 
external power supply voltage VCC and reference voltage GND exist 
adjacent to wires to address and data pins or the like. Therefore, the 

15 characteristics of input of addresses, data or the like are degraded by the 
noise from the wires. 

In the conventional voltage boosting circuit described in Japanese 
Patent Laid-open No. 1 1 -25673, a delay circuit is used. The delay time of 
the delay circuit, however, varies under the influence of manufacturing 

20 process variations. In the voltage boosting circuit arranged as described in 
Japanese Patent Laid-Open No. 1 1-25673, therefore, there is a possibility of 
nonuniformity of the currents consumed by the pumping circuits during one 
cycle of the oscillation signals generated by the oscillator. The output of the 
oscillator circuit described in Japanese Patent Laid-Open No. 1 1-25673 is a 

25 signal taken out from one point and is supplied to the pumping circuits with 
delays added by the delay circuit. The signal passed through the delay 
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circuit is susceptible to the influence of the above-mentioned process 
variations, there is a tendency toward nonuniformity in the time periods 
during which the pumping operations are performed in one oscillating cycle, 
and it Is difficult to perform control with accuracy. In some cases, therefore, 
5 failure to control the current changing rate dl/dT within the desired gradient 
range occurs, which is a cause of generation of noise. There is a possibility 
of the current changing rate dl/dT becoming considerably large at the time of 
starting of the operation in particular. 

The conventional voltage boosting circuit described in Japanese 
10 Patent Laid-Open No. 9-320268 has the two operating modes, i.e., the 

standby mode and the active mode, for the boosting operation. This voltage 
boosting circuit controls the current supply capacity by changing the number 
of pumping circuits with respect to different consumption currents from VPP 
in the operating modes. However, the operation of this voltage boosting 
1 5 circuit at the time of starting of the operation is the same as that of the 

voltage boosting circuit shown in Fig. 1 , in that the pumping circuits (pumping 
means) perform boosting at times successively shifted by the delay circuit 
(delay element). Therefore, the changing rate dl/dT in consumption current 
at the time of starting of the voltage boosting circuit described in Japanese 
20 Patent Laid-Open No. 9-320268 is as steep as the changing dl/dT in current 
Itotal shown in Fig. 7. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide a voltage boosting 
25 circuit in which an abrupt change in current at the time of starting of the 
operation is limited to reduce noise. 
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To achieve the above-described object, according to the present 
invention, there is provided a voltage boosting circuit having an oscillator 
circuit, a pumping circuit, a boosting power control circuit, and an enable 
circuit. The oscillator circuit outputs a plurality of oscillating signals differing 
5 in edge timing from each other. A plurality of pumping circuits are provided 
in correspondence with oscillating signals. Each pumping circuit performs a 
boosting operation by charging and discharging a pumping capacitor by 
using the corresponding one of the oscillating signals. The pumping circuits 
generate a boosted voltage by combining their outputs signals. The 

1 0 boosting power control circuit controls the boosting power of each pumping 
circuit according to an enable signal. An enable circuit counts the number of 
edges of at least one of the oscillating signals, and generates the enable 
signal to instruct the boosting power control circuit to reduce the boosting 
power of the pumping circuit until the count value becomes a set value. 

15 According to the present invention, the boosting power of at least one 

of the plurality of pumping circuits for performing boosting operations by a 
plurality of oscillated signals is restricted for several cycles of the signal after 
a start of the boosting operation by the enable circuit and the boosting power 
control circuit. A rate of a change in the current for the boosting operation Is 

20 thereby reduced to suppress noise accompanying the change in the current. 

The above and other objects, features, and advantages of the present 
invention will become apparent from the following description with references 
to the accompanying drawings which illustrate examples of the present 
invention. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a circuit diagram showing the configuration of a conventional 
voltage boosting circuit; 

Fig. 2 is a circuit diagram showing an example of a basic configuration 

of an oscillator circuit shown in Fig. 1 ; 
5 Fig. 3 is a timing chart showing the waveforms of oscillating signals of 

the oscillator circuit shown in Fig. 1 ; 

Fig. 4 is a circuit diagram showing an example of the configuration of 
each of pumping circuits shown in Fig. 1; 

Fig. 5 is a timing chart showing the boosting operation of the pumping 
10 circuit shown in Fig. 4; 

Fig. 6 is a timing chart for explaining the operation of the conventional 
voltage boosting circuit; 

Fig. 7 is a timing chart showing the operation of the conventional 
voltage boosting circuit and the waveform of the output signal; 
1 5 Fig. 8 is a circuit diagram showing the configuration of a voltage 

boosting circuit In an embodiment of the present Invention; 

Fig. 9 is a circuit diagram showing an example of a basic configuration 
of an oscillator circuit; 

Fig. 10 is a timing chart showing the waveforms of oscillating signals 
2 0 sent from the oscillator circuit; 

Fig. 1 1 is a circuit diagram showing an example of the configuration of 
each of pumping circuits; 

Fig. 12 is a timing chart showing the boosting operation of the 
pumping circuit shown in Fig. 1 1 ; 
25 Fig. 1 3 is a circuit diagram showing another example of the 

configuration of each pumping circuit; 
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Fig. 14 is a timing chart showing the operation of the voltage boosting 
circuit in the embodiment of the present invention; 

Fig. 15 is a timing chart showing the waveforms of signals in the 
voltage boosting circuit in the embodiment of the present invention; 
5 Fig. 1 6 is a circuit diagram showing the configuration of a voltage 

boosting circuit in another embodiment of the present invention; and 

Fig. 1 7 is a timing chart showing the operation of the voltage boosting 
circuit shown in Fig. 16. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the present invention will be described in detail with 
reference to the accompanying drawings. 

Fig. 8 is a circuit diagram showing a voltage boosting circuit in an 
embodiment of the present invention. Referring to Fig. 8, boosting circuit 1 0 
15 has oscillator circuit 20, oscillator output signal latch circuit 30, pumping 
circuit 40, boosted voltage level determination circuit 50, and enable circuit 
60. Each of these circuits operates by a reference potential GND and an 
external power supply voltage VCC. 

20 

Oscillator output signal latch circuit 30 includes <J>1 latch circuit 31 , $2 

latch circuit 32 and <|>n latch circuit 3n, where n is an odd number. 

25 Pumping circuit 40 includes <>1 pumping circuit 41 , $2 pumping circuit 42 

and <j>n pumping circuit 4n. 
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Enable circuit 60 has edge counter 70 and AND gates 62 - 6(n-1). 

Signals <|>1 - <|>n sent from oscillator circuit 20 are respectively given to 
the <J>1 - <t>n latch circuits 31 - 3n. The signals $2 - <|>(n-l ) are also input to 
edge counter 70. Signals 4>1 A - <|>nA respectively sent from $1 - 4>n latch 
5 circuits 31 - 3n are respectively given to <fr1 - <J>n pumping circuits 41 - 4n. 

Outputs of 4»1 - <|>n pumping circuits 41 - 4n are connected to a common point, 
at which a boosted voltage VPP is generated. A signal VPUP sent from 
boosted level determination circuit 50 is input to the oscillator circuit 20, <|>1 - 
<t>n latch circuits 131 - 13n, edge counter 70 and AND gates 62 - 6(n-1). 
10 A desired voltage to be obtained by boosting is set in boosting circuit 

10. 

Boosted level determination circuit 50 compares the boosted voltage 
VPP with a set voltage, sets the signal VPUP to "H" when the boosted 
voltage VPP is lower than the set voltage, and sets the signal VPUP to "L" 
1 5 when the boosted voltage VPP is higher than the set voltage. 

Oscillator circuit 20 sends a plurality of oscillated signals one after 
another at equally shifted times when the signal VPUP is at "H". For 
example, oscillator circuit 20 has inverters forming an odd number of stages 
by being connected in a chain configuration. Oscillator circuit 20 sends no 
20 oscillating signal when the signal VPUP is at "L". 

Fig. 9 Is a circuit diagram showing an example of a basic configuration 
of the oscillator circuit. Referring to Fig. 9, oscillator circuit 20 has a basic 
configuration in which inverters forming an odd number of stages are 
connected in a ring-like chain. The inverters send signals <J>1 - <t>n to 
2 5 oscillator output signal latch circuit 30 and to enable circuit 60. The number 
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of inverter stages only have to be an odd number; n may be, but not limited 
to, 3, 5 or 7. In Fig. 9, a circuit portion relating to signal VPUP is not shown. 

Fig. 10 is a timing chart showing the waveforms of signals $1 - <|>n. 
Referring to Fig. 10, signals $1 - <|>n are oscillated signals which have 
5 transition timings successively shifted and phase alternately reversed. The 
cycle of each of signals $1 - <|>n is T. The time between edges of the 
adjacent signals, e.g., between the rising edge of the signal <J>1 and the falling 
edge of signal <|»2 is dT = T/(2xn), which is the waveform transmission time of 
one stage of the inverters. 

10 Each of $1 and <>n latch circuits 31 and 3n constituting oscillator output 

signal latch circuit 30 uses signal VPUP as an enable signal. <t>2 - 4>(n-1) 
latch circuits 32 - 3(n-1) use signals <j>20SEN - <J»(n-1)OSEN as enable 
signals. <|>1 - <j>n latch circuits 31 - 3n send signals <|>1 - (|>n as signals <t>1 A - 
<|>nA when the enable signal is at "H". At this time, signals <|>1 A - «J>nA are in 

15 phase respectively with signals $1 - 4>n. $1 - <j>n latch circuits 31 - 3n hold 
the states when the enable signal is at "L". The number of latch stages In 
<|>1 - <l>n latch circuits 31 - 3n may be freely selected and may be either an odd 
number or an even number. 

Oscillator output signal latch circuit 30 controls the boosting power of 

20 pumping circuit 40 in a reduction manner by delaying the supply of signals 
<t>2A - <J>(n-1)A to pumping circuit 40 by the time period corresponding to 
several cycles in a transient state at the time of starting of boosting. 

$1 - <t>n pumping circuits 41 - 4n constituting pumping circuit 40 are 
respectively supplied with signals <|>1A - <J»nA and perform boosting operations 

25 in synchronization with signals <t>1 A - <|>nA. Output terminals of the $1 - <|>n 
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pumping circuits 41 - 4n ar conn cted to the common point, i.e., the output 
terminal of pumping circuit 40, through which boosted voltage VPP is output. 

Fig. 1 1 is a circuit diagram showing an example of the configuration of 
the <J>1 - <|>n pumping circuits. All the 4>1 - <frn pumping circuits are identical in 
5 configuration. In Fig. 1 1 , the <J>1 pumping circuit is shown as a 

representative. Referring to Fig. 1 1 , the $1 pumping circuit is constituted by 
inverters INVO and INV1 , capacitor CO, and diodes DIO and DI1 . The 
capacitor CO is a pumping capacitor for performing the boosting operation by 
pumping. 

10 Signal <>i A is given to inverter INVO. Inverters INVO and INVl are 

connected in series. The output terminal of inverter INV1 and one terminal 
of capacitor CO are connected to each other at a connection point A. The 
other terminal of capacitor CO, the cathode of diode DIO and the anode of 
diode DM are connected to each other at a connection point B. External 

15 power supply voltage VCC is supplied to the anode of diode DIO. The 

cathodes of diodes DI1 of 4>1 - 4>n pumping circuits 41 - 4n are connected to 
the common point through which boosted voltage VPP is output. 

Fig. 12 is a timing chart showing the boosting operation of the <j>1 
pumping circuit shown in Fig. 1 1 . Referring to Fig. 1 2, signal $1 A is an 

20 oscillating signal having external power supply voltage VCC and reference 
voltage GND alternately sent. The signal waveform at the connection point 
A is slightly delayed from signal <|>1 A. 

When the potential at the connection point A is reference voltage GND 
level, the connection point B is precharged to external power supply voltage 

2 5 VCC through diode DIO. When a transition from reference voltage GND to 
external pow r supply voltage VCC is effected at the connection point A, 
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capacitor CO at the connection point B is increased by an amount 
corresponding to the difference in amplitude between GND and VCC. 
Accordingly, transitions of the potential at the connection point B are 
alternately made to external power supply voltage VCC and a voltage 
5 (2xVCC) twice external power supply voltage VCC. Thus, $1 pumping 
circuit 41 can generate boosted voltage VPP higher than external power 
supply voltage VCC. 

Fig. 13 is a circuit diagram showing another example of the 
configuration of the <|>t - $n pumping circuits. All the <|>1 - 4>n pumping circuits 

10 are identical in configuration. In Fig, 14, the <j>1 pumping circuit is shown as 
a representative. Referring to Fig. 14, the <(>1 pumping circuit is constituted 
by the pumping circuit shown in Fig. 1 1 and a pumping circuit which operates 
at the edge other than the edge at which the pumping circuit shown in Fig. 1 1 
operates, the two pumping circuits being connected in parallel. In the 

15 pumping circuit shown In Fig. 13, the boosting operation is performed at each 
of the rising and falling edges of signal <J>1A. 

Edge counter 70 is supplied with signals $2 - <J>(n-1 ). After a start of 
oscillation of one of signals <j>2 - <J>(n-1), edge counter 70 counts the number 
of oscillating signals. When the count value becomes a predetermined set 

20 value, edge counter 70 sends an enable signal. The predetermined set 
value can be set for each of signals $2 - <t>(n-l). The logical sum of each 
enable signal and signal VPUP is obtained by the corresponding one of AND 
gates 62 - 6(n-1), and the logical sums thereby obtained are input 
respectively as signals <J>20SEN - <|>(n-1)OSEN - the $2 - 4>(n-1) latch circuits 

25 32-3(n-1). 
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That is, each of $2 - <fr(n-1) latch circuits 32 - 3(n-1) is supplied with the 
enable signal which rises with a delay that a predetermined set value times 
one cycle from the rising edge of signal VPUP. Oscillation of each of 
signals 4>2A - <fr(n-1 )A is thereby started at a time after an arbitrary multiple of 
5 cycle T from signal VPUP. Starting of the boosting operation of each of the 
4>2 - <|>(n-1) pumping circuits 42 - 4(n-1) is also delayed by the arbitrary 
multiple of cycle T. 

As described above, voltage boosting circuit 10 is arranged so that the 
boosting operation of each of the pumping circuits corresponding to signals 
10 freely set is delayed by an arbitrary number of cycles. The change in 

current at the time of starting of the operation of voltage boosting circuit 10 is 
thereby limited to reduce noise. For example, input characteristics of signal 
lines of a DRAM using voltage boosting circuit 10 can therefore be improved. 
In voltage boosting circuit 10 of this embodiment, the timing of starting 
15 of the boosting operation of each pumping circuit is performed by counting 
the number of the edges of an oscillated signal. Therefore, the timing is not 
easily influenced by manufacturing process variations and does not vary 
easily. 

Since voltage boosting circuit 10 of this embodiment is arranged to 
20 delay a start of the boosting operation of each pumping circuit by the number 
of cycles obtained by counting the number of the edges of an oscillating 
signal, the changing rate of current can be reduced during operation at any 
clock rate to obtain a satisfactory effect. In contrast, in a case where a start 
of the boosting operation of each pumping circuit is adjusted, for example, by 
25 a delay circuit, there is a possibility of failure to obtain a satisfactory effect, 
depending on a clock rate used. 
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While an example of delay of starts of the boosting operation 
corresponding to signals 4>2 - <J>(n-1) has been described, the boosting 
operation to be delayed in corresponding to any of the signals and the 
amount of delay may be freely selected. 
5 The operation of voltage boosting circuit 1 0 of this embodiment will be 

described. 

Fig. 14 is a timing chart showing the operation of voltage boosting 
circuit 1 0 of this embodiment. Fig. 1 4 shows the waveforms of signals 
VPUP. 4>1 - <|>n, <|>1 A - 4>nA, and <t>20SEN - <|>(n-1)OSEN. 

10 Boosted level determination circuit 50 compares boosted voltage VPP 

and the desired set voltage at all times, and sets signal VPUP to "L" (GND 
level) when boosted voltage VPP is higher than the set voltage. Referring to 
Fig. 1 4, signal VPUP is at "L" at time TO. At this point in time, therefore 
oscillator circuit 20 does not oscillate to enable voltage boosting circuit 10 to 

1 5 operate. 

When boosted voltage VPP becomes lower than the set voltage, 
boosted voltage level determination circuit 50 sets signal VPUP to "H". In 
the time period from time TO in which signal VPUP changes from "L" to U H" 
as shown in Fig. 14, oscillator circuit 20 starts oscillating and voltage 
2 0 boosting circuit 1 0 starts the boosting operation. 

When oscillator 20 starts oscillation, oscillating waveforms such as 
shown in Fig. 1 4 appear in signals <J>1 - <t»n. 

Since <|»1 latch circuit 31 uses signal VPUP as an enable signal, it 
directly supplies the oscillating waveform of signal <J>1 as signal $1 A - <j>1 
25 pumping circuit 41 when signal VPUP becomes "H". Since <f>n latch circuit 
3n also uses signal VPUP as an enable signal, it directly supplies the 
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oscillating waveform of signal <|>n as signal <j»nA to 4>n pumping circuit 4n when 
signal VPUP becomes "H". 

On the other hand, $2 - <|>(n-1) latch circuits 32 - 3(n-1) use signals 
<|>20SEN - <|>(n-1 )OSEN as enable signals. Since each of signals (J>20SEN - 
5 <|>(n-l )OSEN is a signal formed by delaying signal VPUP by an arbitrary 
multiple of cycle T, it does not become "H" immediately after signal VPUP 
has become "H". In time period Ta shown in Fig. 1 4, each of signals 
420SEN • <t>(n-1)OSEN is still at "L n . 

<t>2 - <|>(n-1) latch circuits 32 - 3(n-1) hold the states of signals <|>2A - 
10 <»(n-1)A when signals <|>20SEN - <|>(n-1)OSEN are at "L". Therefore, signals 
<|>2A - <|»(n-1)A are not oscillating immediately after oscillating waveforms have 
appeared in signals <J>2 - <j»(n-1). 

The edge counter 70 counts the number of the edges of signals <|>2 - 
<|>(n-1 ). When the count becomes the set value, the corresponding one of 
1 5 signals <|>20SEN - <|>(n-1 )OSEN changes from "L" to "H u . This set value is 
set in advance to the number of cycles by which signal VPUP is to be 
delayed. In time period Tb shown in Fig. 14, each of signals <t>20SEN - <J>(n- 
1)OSEN makes a transition from "L" to "H". 

When one of signals <j»20SEN - <j»(n-1)OSEN changes from "L" to "H", 
20 the corresponding one of the <j>2 - 4>(n-1) latch circuits 32 - 3(n-1) directly 
supplies the corresponding one of signals $2 - <t>(n-1) as the corresponding 
one of signals <>2A - <J>(n-1)A to the corresponding one of pumping circuits 42 
-4(n-1). 

Fig. 15 is a timing chart showing the waveforms of the signals in the 
25 voltage boosting circuit of this embodiment. Fig. 15 shows an example of 
the circuit in which n = 5 and in which edge counter 70 operates only for 
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signals <J>2 and <j>4 to start oscillation of signals 4>2A and <t>4A with a d lay of 
only one cycle. It is also assumed that the pumping circuit shown in Fig. 13 
is used to enable the voltage boosting circuit to operate not only at the times 
of transition of signals <J>1 A and 4>5A from reference voltage GND to external 
5 power supply voltage VCC but also at the times of transition from external 
power supply voltage VCC to reference voltage GND. 

In the lower section of Fig. 15, the waveforms of signal VPUP and <J)1 A 
- 4>5A are shown. In the upper section of Fig. 15, currents I (solid line) sent 
from $1 - <t>5 pumping circuits 41 - 45 and a current Itotal (dotted line) 
10 obtained by combining currents I are shown. 

Referring to Fig. 15, signal VPUP makes a transition from "L" to "H" in 
the time period from time TO to time T1 to start the boosting operation. 
Signals <J>1A, $3A t and <t>5A make transitions (rise) at times T1 , T3, and T5, 
respectively, to start oscillation. Signals <>2A and $4A do not make 
15 transitions (fall) at times T2 and T4 but are delayed by one cycle by the edge 
counter 70 to start oscillation until times T12 and T14. 

In response to the transitions of signals <j>1 A - <j>5A, transitions of 
currents I sent from <J>1 - 4>5 pumping circuits 41 - 45 are made, as indicated 
by the solid line in Fig. 1 5. Current Itotal (indicated by the dotted line in Fig. 
20 15) obtained by combining the outputs from <J>1 - <J>5 pumping circuits 41 - 45 
rises gradually in the time period from time T1 to time T13 to reach a 
saturated consumption current 10 at time 14, and is constantly maintained 
thereafter. 

The saturated consumption current 10 shown in Fig. 15 has the same 
25 value as the saturated consumption current 10 in the example of the 

conventional art shown in Fig. 7. In the conventional art shown in Fig. 7, 
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current Itotal increases abruptly in th tim period from tim T1 to time T5 to 
reach saturated consumption current 10. In contrast, in the case of this 
embodiment shown in Fig. 15, current Itotal increases gradually in the time 
period from time T1 to time T13 to reach saturated consumption current 10. 
5 That is, it can be understood that the changing rate of current dl/dT 

immediately after a start of the boosting operation is limited to a smaller value 
in this embodiment. 

In voltage boosting circuit 10 of this embodiment, as described above, 
arbitrary ones of a plurality of oscillated signals sent from oscillator circuit 20 
10 at the time of a start of the operation are delayed by arbitrary numbers of 
cycles by latch circuits 31 - 3n supplied with enable signals from the edge 
counter 70 which counts the number of the edges of each oscillated signal. 
The times at which the boosting operations of pumping circuits 41 - 4n are 
started are thereby shifted relative to each other to reduce the changing rate 
15 of current, thereby reducing noise. For example, the input characteristics of 
signal lines of a DRAM using voltage boosting circuit 10 are thereby 
prevented from being badly influenced by noise. 

In voltage boosting circuit 10 of this embodiment, starting of the 
boosting operation of pumping circuits 41 - 4n is controlled in synchronization 
2 0 with the cycles of the oscillating signals by edge counter 70 which counts the 
number of the edges of the oscillating signals. A different arrangement is 
conceivable in which input signals to the pumping circuits are generated by 
delaying signal VPUP by a delay circuit constituted by inverters in a plurality 
of stages. It is also conceivable that enable signals to the latch circuits are 
2 5 generated by delaying signal VPUP through a delay circuit. 
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However, there is a possibility of occurrence of variations in the 
abilities of the inverters in a transistor manufacturing process and it is difficult 
to obtain a predetermined amount of delay with accuracy by selecting the 
number of inverter stages. If the amount of delay as needed is not obtained, 
5 there is a possibility of the current changing rate dl/dT becoming large at a 
certain time to cause noise. It can therefore be said that voltage boosting 
circuit 10 of this embodiment capable of controlling the timing of starting of 
the boosting operations of the pumping circuits is advantageous in 
comparison with any voltage boosting circuit using a delay circuit. 

l o Another embodiment of the present invention will be described with 

reference to the drawings. 

Fig. 1 6 is a circuit diagram showing a voltage boosting circuit in 
another embodiment of the present invention. For ease of explanation, only 
portion of the voltage boosting circuit relating to signal <J>2 of the signals sent 

15 from oscillator circuit 20 is illustrated in Fig. 16. 

Referring to Fig. 16, the voltage boosting circuit has oscillator circuit 
20, edge counter 70, <j>2 pumping circuit 42, inverters INV3 and INV2, and 
gate CGATE. The voltage boosting circuit shown in Fig. 1 6 has a boosted 
voltage level determination circuit (not shown) for supplying VPUP signal, as 

20 does voltage boosting circuit 10 shown in Fig. 8. In the voltage boosting 
circuit shown in Fig. 16. a control circuit for controlling the boosting power of 
pumping circuit 42 is constituted by inverters INV2 and INV3 and gate 
CGATE. 

The voltage boosting circuit shown in Fig. 16 has circuits relating to 
25 signals <|>1 - <|>n. although only the portion relating to signal <t>2 is illustrated. 
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Oscillator circuit 20, the boosted voltage level determination circuit, 
edge counter 70 and the <t>1 - <|>n pumping circuits are the same as those 
shown in Fig. 8. 

inverter INV3 is a NOT gate which inverts signal «j)20SEN sent from 
5 edge counter 70. 

Gate CGATE consists of a two-input NAND gate to which signal <j>2A 
and signal <j>20SEN are input and a two-input NOR gate to which signal <j>2A 
and an output from inverter INV3 are input. 

An output terminal of the two-input NAND gate is connected to a 
10 connection point C. An output terminal of the two-input NOR gate is 
connected to a connection point D. 

Inverter INV2 consists of p-channel transistor M1 and n-channel 
transistor M2 connected in series between external power supply voltage 
VCC and reference voltage GND. The gate of p-channel transistor M1 is 
15 connected to the connection point C, while the gate of the n-channel 

transistor M2 is connected to the connection point D. A connection point 
between the p-channel and n-channel transistors is connected to the 
connection point A in $2 pumping circuit 42. 

Fig. 17 is a timing chart showing the operation of the voltage boosting 
20 circuit shown in Fig. 16. Fig. 1 7 shows the waveforms of signals <J>2A and 
<t>20SEN and waveforms at the connection points A and B immediately after 
a transition of signal VPUP from u l_" to "H". The first one cycle of signal $2 
output from oscillator circuit 20 after the transition of signal VPUP from "L" to 
"H u is time period Ta, and the next cycle is time period Tb. 
25 In time period Ta, signal 4>20SEN is at "L" and, therefore, the 

potentials at the connection points C and D corresponding to the output 



-24- 



terminals of gate CGATE are "H" level and "L" level, respectively, even when 
signal <j>2A Is oscillating. Since p-channel transistor M1 and n-channel 
transistor M2 constituting gate INV2 are connected to the point C and the 
point D, respectively, inverter INV2 does not operate when signal 42OSEN is 
5 at "L". 

In time period Tb, signal 4>20SEN makes a transition from "L" to "H" 
and the signal «|>2A oscillating operation is therefore transmitted to inverter 
INV2 through the outputs (connection points C and D) of gate CGATE. 

When signal <>2A is "L M , the inverter INV1 discharges the connection 

1 0 point A and the capacitor CO to "L". Also, while the potential at the 
connection point C of the gate CGATE is "H" level, the potential at the 
connection point D becomes "H u level. Therefore the n-channel transistor 
M2 is turned on to enable the inverter INV2 to also act to discharge the 
connection point A and the capacitor CO to "L". 

15 Conversely, when signal 4>2A is at U H", inverter INV1 acts to charge 

the connection point A and capacitor CO to "H", and inverter INV2 also acts to 
charge them to "H". That is, when signal <j>20SEN is at "H", both inverters 
INV1 and INV2 charge or discharge the connection point A or capacitor CO. 
Thus, in time period Tb, both inverters INV1 and INV2 charge or 

20 discharge the connection point A or capacitor CO. Therefore, when signal 
<|>2A makes a transition from "L" to "H", and when it makes a transition from 
"H" to "L", the operation can be performed without blunting the waveforms at 
the connection points A and B If the current capacities of inverters INV1 and 
INV2 are adjusted in advance. On the other hand, in time period Ta, only 

2 5 inverter INV1 performs charging/discharging of the connection point A or 
capacitor CO. At this time, therefore, the waveforms at the points A and B 
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are blunted in comparison with those in time period Tb. Th amount of 
electric charge which can be supplied to boosted voltage VPP in time period 
Tb in which the boosting operation is performed by both inverters INV1 and 
INV2 is larger than that in time period Ta in which the boosting operation is 
5 performed by inverter INV1 alone. The current for charging/discharging of 
the connection point A or capacitor CO in time period Tb is also larger than 
that in time period Ta, and the current changing rate dl/dT in time period Tb, 
considered to be a noise source, is also larger than that in time period Ta. 
Consequently, in the voltage boosting circuit of this embodiment, it is 

1 0 possible to reduce noise by limiting the current changing rate at the time of 
starting of the operation in such a manner that the transistor size of inverter 
INV2 is adjusted and the time period corresponding to the number of cycles 
during which signal <t>20SEN ($1 - $nOSEN) is held at "L" after transition of 
signal VPUP from "L" to "H" is adjusted. 

15 While preferred embodiments of the present invention have been 

described using specific terms, such description is for illustrative purposes 
only, and it is to be understood that changes and variations may be made 
without departing from the spirit or scope of the following claims. 
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